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Insecticidal compounds having the formula NK2-R a -3-R b ~^^ 
(24£ c -3-R d ^4l e -5-R f ^ wherein R a is a halo or lower alkyl; 

R b is lower alkoxy, optionally substituted with halo (preferably fluoro); R c is selected 
from hydrogen, halo, lower alkyl, lower alkoxy, lower alkoxy lower alkyl, and nitro; 
R d , Re and R f are each independently selected from hydrogen, bramo, chloro, 
fluoro, lower alkyl, lower alkoxy, and lower alkoxy lower alkyl; RS is a (Q-Cgjalkyl; 
R h is hydrogen, lower alkoxy, lower alkyl, or when taken together with R b is 
methylenedioxy (-OCH2O), 1,2-ethylenedioxy (-OCH2CH2O-), 1,2-ethyleneoxy 
(-CH2CH2O) or 1,3-propyleneoxy («CH2CH2CH20-) wherein an oxo atom is located 
at the R b position; and the substituents R c and R d , or R d and R e , or R e and R f when 
taken together can be methylenedioxy or 1,2-ethylenedioxy as well as compositions 
comprising an agronomically acceptable carrier and an insecticidally effective 
amount of such compounds; and methods of using such compounds and 
compositions. 

Also, methods for the production of the compounds and their intermediates, 
which methods comprise either admixing a 3-amino-2«(substituted)-benzoic acid, 
sodium nitrite and methanol under acidic conditions or admixing a 3,4-fused 
heterocyclic benzoic acid and an alkyl lithium reagent followed by subsequent 
reaction with an electrophilic reagent. 
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claim: 

An insecticidal compound having the formula N-2(2-R a -3-R b -4-R h -benzoyl)'-N , --(2-R c - 
S-R^^R^S-R^benzoylJ-N'-R^hydrazine wherein R a is a halo or lower alkyl; R h is 
lower alkoxy; R c is selected from hydrogen, halo and lower alkyl; R d , R e and R f are 
each independently selected from hydrogen, bromo, chloro, fluoro, lower alkyl, (C,- 
C 4 ) alkoxy and (C r C 2 ) alkoxy (C r C 2 ) alkyl; R g is a (C 4 -C 6 )alkyi; R h is hydrogen or 
lower alkyl. 

The insectidical compound of claim 1 wherein R a is bromo, chloro, or (CrC 3 )alkyl; R b 
is (C r C 4 )alkoxy; R c is selected from hydrogen, bromo, chloro, fluoro and (C r 
C 3 )alkyl; R a , R e and R f are each independently selected from hydrogen, bromo, chloro, 
fluoro, (C r C 3 ) alkyl, (C r C 4 )alkoxy, and (C r C 2 )alkoxy (C r C 2 )alkyl; R 8 is a (C 4 - 
C 6 )alkyl; R h is hydrogen or (C r C 2 )alkyL 

The insecticidal compound of claim 2 wherein R a is bromo, chloro, methyl or ethyl; 
R b is methoxy or ethoxy; R c , R d , R e and R f are each independently selected from 
hydrogen, bromo, chloro, fluoro and methyl; R s is tert butyl, neopentyl or 
methylneopentyl , 

The insecticidal compound of claim 3 wherein R a is methyl or ethyl; R b is methoxy or 
ethoxy; R c , R d , R e and R f are each independently selected from hydrogen, bromo, 
chloro, fluoro and methyl; R s is tert butyl; and R h is hydrogen. 

The insecticidal compound of claim 4 wherein R b is methoxy and no more than three 
of R°, R d , R e and R f are the same member selected from a group consisting of bromo, 
chloro, fluoro and methyl. 

The insecticidal compound of claim 5 wherein no more than three of R c , R d , R e and R f 
are independently selected from chloro, fluoro and methyl with the remaining R c , R d , 
R e and R f being hydrogen. 
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7. The insecticidal compound of claim 6 wherein R d and R f are independently selected 
from chloro and methyl and R c and R e are both hydrogen. 

8. The insecticidal compound of claim 5 wherein R d and R f are each independently 
5 selected from bromo, chloro, and fluoro. 

9. The insecticidal compound of claim 8 wherein R d and R f are each chloro. 

1 0. The insecticidal compound of claim 7 wherein R d and R f are methyl. 

10 

1 1 . The insecticidal compound of claim 5 wherein R d is selected from bromo, chloro, and 
fluoro, and R f is methyl. 

12. The insecticidal compound of claim 1 1 wherein R d is chloro and R f is methyl. 

1 3. The insecticidal compound of claim 5 wherein R c is selected from chloro and fluoro; 
and R d is hydrogen. 

1 4. The insecticidal compound of claim 1 3 wherein R c is chloro and R f is methyl. 

1 5 . The insecticidal compound of claim 5 wherein R c is chloro and R d is chloro, 

1 6. The insecticidal compound of claim 4 wherein R c is hydrogen, R d is hydrogen, R e is 
chloro, and R f is hydrogen. 

1 7 . The insecticidal compound of claim 4 wherein R c is hydrogen, R d is methyl, R e is 
hydrogen, and R f is hydrogen. 

1 8 . The insecticidal compound of claim 4 wherein R c is hydrogen, R d is hydrogen, R e is 
30 hydrogen, and R f is hydrogen. 
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The insecticidal compound of claims 1 or 2 which is selected from 

N-(3-methoxy-2-methylbenzoyl)^^^ 

butylhydrazine, 

N-(3Hnethoxy-2-methylbenzoyl)^ 
N-(3-methoxy-2-methylbenzoyl^^ 
N-(3-methoxy-2-methylbenzoy^ 
N-(3Hnnethoxy-2-methyfo^ 

N-(3 -methoxy-2-methylbenzoyl)-N l -benzoyl-N 1 -tert-butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N^^^ 

N-(3~methoxy-2-methylbenzoyl)-N^3,4,54^ 

N-(3-methoxy-2~methylbenzoyl)~^ 

N-(3-methoxy-2-methylbenzoyl)-N^^ 

N-(3-methoxy~2-methylbenzoyl)^^3,^^ 

N~(3-methoxy-2-methylbenz^ 

butylhydrazine, 

^(S-methoxy^-methylbenzoylJ-N^CS-bromo-S-methyl-benzoylJ-N^tert- 
butylhydrazine, 

N-(3-methoxy-2Hniethyibenzoyl)^^^ 
butylhydrazine, 

NK3-methoxy-2-methylbenzoy^ 
N~(3-methoxy-2~methylbenzoyl)-N^ 
N-(3-me1iioxy-2-methylbenzoyl)^^^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl^ 

N-(3Hnieihoxy-2-methylbenzoy 

N~(3-methoxy-2Hrne*hylte^ 

N-(3-methoxy-2-methylbenzoyl)-•N , -(S-chlorobenzoy^-N 1 -tert-butylhydrazine, 

N~(3-methoxy-2-methylbenzoyl)^ 

butylhydrazine, 

N-(2~bromo-3-methoxybenzQyl)^ 
N«{2<:hloro-3~methoxylbenzoyl)^ 
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N-(3 -methoxy-2~methylbenzoyl)-N l -(3 -bromo-4-fluorobenzoyl)-N 1 -tert- 
butylhydrazine, 

N-(3-methoxy-2~methylhenzoyl)^^ 
butylhydrazine, 

N-(3-metiioxy-2-methyIbenzoy^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-^^^ 

N~(3~methoxy-2-me^ 

butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)^ 

N-(2-ethyl-3-methoxybenzoyl)-N 1 K3-chloro-5-methylbenzoyl) 

N-(2-ethyl-3-methoxybenzoyl)-^^^ 

N<2 -ethyl -3 -methoxybenzoy 

N-(2-ethyl-3-methoxybenzoyl)-N^^ 

N-(2-ethyl-3-methoxybenzoyl)-N^ 

NK2-ethyl-3-methoxybenzoyl)-N^2 

N-(3-ethoxy-2-ethylbenzoyl)-N^3,^^ 

N<3 -methoxy-2-methylbenzoyl)-^ 

N-(3-methoxy-2-methylbenzoyl)^^^^ 

hydrazine, 

N-^-ethyl-S-methoxybenzoylVN'^^^ 

N-(2-ethyl--3-methoxybenzoyl)-N 1 -(3,5-dimethylbenzoyl)-N 1 - 

(methylneopentyl)hydrazine. 

An insecticidal composition comprising one or more compounds having the formula 
N-(2~R a ~34lM-R h -benzoy^ 

wherein R a is a halo or lower alkyl; R b is lower alkoxy; R c is selected from hydrogen, 
halo and lower alkyl; R d , R e and R f are each independently selected from hydrogen, 
bromo, chloro, fluoro and lower alkyl; R g is a (C 4 -C G )alkyl; R h is hydrogen or lower 
alkyl. 
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21. The insecticidal composition of claim 20 which is used to control insects of the order 
Lepidoptera. 

22. The insecticidal composition of claim 21 comprising one or more compounds which 
5 are selected from 



N-(3-methoxy-2-methylbenzoyl)-N 1 -(3-chloro-5-methylbenzo 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N 1 -(3 J 5-dimethylbenzoyl)-N 1 -tert^ 
N-(3-methoxy-2-methylberizoyl)^ 
10 N-(3-methoxy-2-methylbenzoyl^ 

N-(3~methoxy-2-methylbenzoyl)-N 1 -(3,4-diehlorobenzoyl)-N 1 4ert-butylhydrazine, 

N~(3-methoxy-2-methylbenzoyl)-N 1 -(4-fluorobenzoyl)-N 1 -tert-butylhydm 

N-{3-methoxy-2-methylbenzoyl)-N^3,4-d^ 

N-(3-methoxy-2-methylbenzoyl)-N 1 -(4-chloro-3-methylbenzoyl)-N 1 -tert- 
1 5 butylhydrazine, 

N»(3-methoxy-2-methylbenzoyl)-N , -(3-bromo~5~methylbenzoyl)-N ! -tert- 
butylhydrazine, 

N-(3-methoxy-2-methyIbenzoyl)-N^4 

N-(3-methoxy-2-methylbenzoyl)-N l -(3-bromo-5-chlorobenzoyl)-N l -tert- 
20 butylhydrazine, 

N-(3 -methoxy-2-methylbenzoyl)-N 1 -(3 5 5 -di fluorobenzoyty-N 1 - tert-butylhydrazine, 
N-(3-methoxy-2-methylbenzoyl)-N 1 -(4-methylbenzoyl)-N , -tert-butylhydrazi 
N-(3-methoxy-2-methylbenzoyI)-N 1 -(3-chloro-4-fluorobenzoyl)-N 1 -tert- 
butylhydrazine, 

25 N-(3-methoxy-2-methylbenzoyl)-N 3 -(3-fluorobenzoyl)-N l 4ert-butylhydrazine, 
N-(3~methoxy-2~methylbenzoyl)^ 
N-(3-methoxy-2-methylbenzoyl)^ 

N-(3-ethoxy-2-methylbenzoyl)-N I -(3 5 5-dimethylbenzoyl)-N l -tert-butylhydr^ 
N-(3~methoxy-2-methylbenzoyl)-N 1 -(3-chlorobenzoyl)~N 1 -tert-butylhydrazine 9 
30 NK3-methoxy-2-methylbenzoyl)-N 1 -(3 ? 5-dimethylbenzoyl)-N I 4ert- 
neopentylhydrazine, 
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N-(2-bromo~3-methoxybenzoyl)~N , ~(3,5-dimethyto 

N-(2-chloro-3-methoxybenzoyl)^ 

N-(3-methoxy-2~methylbenzoyl)-N^4-m 

N<3-methoxy-2-methylbenzoyl)-N l -(3-bromo-4-fluorobenzo^ 

butylhydrazine, 

N«(3-methoxy-2-methylbenzoyl)-N l -(3-fliioro-4-methyib 
butylhydrazine, 

N<3-methoxy-2-methylbenzoyl)-N^3 

butylhydrazine, 

N-(3-methoxy-2Htnethylbenz^ 

N~(3-methoxy-2-methylbenzoyl)-N 1 -(3-ethylbenzoyl)-N l -tert-buty^ 

N-(3-methoxy-2-methylbenzoy])-N 1 <3,5-dichloro-4-fluoro^ 

butylhydrazine, 

N<2-ethyl-3-raethoxybem 

N~(2-ethyl-3-methoxybenzoyl)-N 1 -(3-chloro-5-methylbenzoyl)-N 1 -tert-^ 

NK2-ethyl-3-methoxybenzoyl)-N^ 

N<2-ethyl-3-methoxybenzoyl)~N^3^^ 

N-(2-ethyl-3-methoxybenzo 

N-(2-ethyl-3-methoxybenzoyl)-^ 

N-(2-ethyl-3-methoxybenzoyl)-N 1 -(2-chloro- 

N-(2-chloro-3-methoxybenzoyl)-^ 

and 

N-(2-bromo-3-methoxybenzoyl)-N^^^ 

The insecticidal composition of claim 22 comprising one or more compounds which 
are selected from 

N-(3-methoxy-2-methylbenzoyl)-N 1 -(3-chloro-5-methylbenzoyl)-N I -tert- 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N^^ 

N-(3-ethoxy-2-methylbenzoyl)^ 

N-(3-methoxy-2-methylbenzoyi^ 
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NK3-methoxy-2-methylbenzoyl)-N l <3,5-dichlorobenzoyl)~N 1 4e 

N-(3-methoxy-2-methylbenzoyl)^ 

N-(3-methoxy-2-methylbenzoyl)~N^^ 

N-(2-chloro-3-methoxybenzoyl)-N 1 ^^^^ 

and 

N-(2-bromo-3 -methoxybenzoyl)-N 1 -(3 ,5-dimethylbenzoyl)-N 1 4ert-butylhydrazine. 

The insecticidal composition of claim 20 which is used to control insects of the order 
Homoptera. 

The insecticidal composition of claim 24 comprising one or more compounds which 
are selected from 

NK2-ethyl-3-methoxybenzoyl)-N^^ 

N<2-ethy]-3-methoxybeiizo^ 

N-(2-ethyl-3-methoxybenzoyl)-^ 

N<2-ethyl-3-methoxybenzoyl)-N l -(3-methylbenzoyl)-N l 4ert-butylhyd^ and 
N-(3-ethoxy-2-ethylbenzoyl)-N ! -(3 ? 5-dimethylbenzoyl)-N 1 4ert-butylhydr^ 

A method for controlling insects comprising contacting the insect with an 
insecticidally effective amount of a compound having the formula 
N-(2-R a -3-R b -4-^ 

wherein R a is a halo or lower alkyl; R b is lower alkoxy; R c is selected from hydrogen, 
halo and lower alkyl; R d , R e and R f are each independently selected from hydrogen, 
bromo, chloro, fluoro and lower alkyl; R s is a (C 4 -C 6 )alkyl; R h is hydrogen or lower 
alkyl. 

The method of claim 26 which is used to control insects of the order Lepidoptera. 

The method of claim 27 comprising one or more compounds which are selected from 

N-(3-methoxy-2-methylbenzoyl)-N 1 <3-chloro-5-methylbenzoyl)-N l 4ert- 

butylhydrazine, 
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N-CS-methoxy^-methylbenzoylJ-N 1 ^^^ 
NK3-methoxy-2-me1hylbenzoyI)-N^3-^ 

N-(3 -methoxy-2-methylbenzoyl)-N 1 -(3, 5 -dichlorobenzoyO-N^tert-butylhydrazine, 

N-(3-methoxy-2-methylbenzoy^ 

NK3-methoxy-2-me%lbeiizoyl^^ 

N-(3-methoxy-2Hniethylbenzoyl^ 

N<3^ethoxy-2-methylbenzoyl)^ 

butylhydrazine, 

N-(3-methoxy~2-methylben^^ 

butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N l -(4-chlorobenzoyl)-N 1 -^^ 

N-(3Hnethoxy-2-methylbenzoy^ 

butylhydrazine, 

N-(3-methoxy-2-methylbe^ 

N-(3-methoxy-2Hrnethylbenzoyl^ 

N-(3-methoxy-2-me%lbenzoyl)-^^ 

butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl^ 
N-(3-methoxy-2-methylbenzoyl)^ 

N-(3-methoxy-2-methylbenzoyl)-N 1 -(2,4-dichlorobenzoyl)-N l -tert-butylhydrazine > 

N-CS-ethoxy^-methylbenzoylJ-N 1 -(3 ,5 <Umethylbenzoyl)-N -tert-butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N I -(3-chlorobenzoyl)-N 1 -tert-butylhydr 

NK3-methoxy~2-meihylben^ 

neopentylhydrazine, 

N-(2-bromo-3-methoxybenzoyl)^ 

N-(2-chloro-3-methoxybenzoyl^ 

N-(3-methoxy-2-methylbenzoyl)-N 1 -(4-methylbenzoyl)-N 1 -tert 

N-(3-methoxy-2-me%lbenzoyl)^ 

butylhydrazine, 

N-(3-methoxy-2-methylbera^ 

butylhydrazine, 



38 



GA 02103110 2003-11-25 



N-(3~methoxy-2Hne%lbenzoyl)^^^ 

butylhydrazine, 

NK3-methoxy-2-methyfo^ 

N<3nrnethoxy-2HPtethyfo 

N-(3-methoxy-2~me%lbenzoy^ 

butylhydrazine, 

N-(2-ethyi-3-methoxybe^ 

N-(2-ethyl~3-methoxybe^ 

N-(2-ethyl-3-methoxybenzo 

N-(2-ethyl-3-methoxybenzoyl)-N^^ 

N-(2-ethyl-3-methoxybenzoyl)-N l K3 5 5-dichlorobe^ 

N-(2-ethyl-3-methoxybenzoyl)^ 

N-(2-ethyl-3-methoxyben^^ 

NK2-chloro-3-methoxybenzoyl)-^ and 
N-(2-bromo-3-methoxybenzoyl)-N 1 -(3,5-dimethylbenzoyl)-N^^ 

The method of claim 28 comprising one or more compounds which are selected from 

N-(3-methoxy-2~methylben 

butylhydrazine, 

N-(3-methoxy-2-me^ 

N-(3-ethoxy-2-me%lbenzoyl^^^^ 

N<3-methoxy-2-methylbenzoyl)^ 

N-C3-methoxy-2-methylbenzoy0^^ 

N-(3-methoxy-2~methylbenzoyl)-N ! -(3,4-dichlorobenzoyl)-N ! -teit-butylhydm 
N-(3-methoxy-2-methylhenzoyl)-N I -(4-fluorobenzoyl)-N l 4ert-butylh^ 
N-(2-chloro-3-methoxybenzoyl)-N 1 <3,5-dimethylbenzoyl)-N and 
NK2~bromo-3-methoxybenzoyl)-N 1 -(3,5-dimethylbenzoyl)~N 1 4ert-b 

The method of claim 26 which is used to control insects of the order of Homoptera. 

The method of claim 30 comprising one or more compounds which are selected from 
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N-{2-ethyl-3~methoxybenzoyl)-N^3 ? ^^ 

N-(2-ethyl~3-methoxyben^^ 

N-(2-ethyl-3-methoxyb^ 

N-(3-ethoxy-2-ethylbenzoyl)-N^^^ and 
N-(2-ethyl-3-methoxybenzoyl)-^^ 
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This invention relates to N -substituted-N^N'-diacylhydrazines which 
are useful as insecticides, compositions containing those compounds and methods 
of their use. This invention also relates to the production of intermediates useful in 

10 the production of such compounds. 

The search for compounds which have a combination of excellent 
insecticidal activity and low undesirable toxicity is a continuing one because of 
factors such as the desire for compounds exhibiting greater activity, better selectivity, 
lower undesirable environmental impact, lower production and market cost and 

15 higher effectiveness against insects which are or become resistant to many known 
insecticides. 

Prior processes for the production of the 3-alkoxy-2-alkylbenzoic acid 
intermediates useful in the production of some of the N'-substituted-M,N , - 
diacylhydrazines of the present invention have the production of 3-hydroxy-2- 

20 alkylbenzoic acid compounds from hydrochloride salt of 2-alkyl-3-aminobenzoic 
acid as a preceding step. Such exothermic anilinium hydrochloride salt reactions 
pose reaction safety and substance stability concerns and require controlled cooling. 
Such constraints can create safety and cost burdens on the production of the useful 
intermediates concerned herein. 

25 Furthermore, prior processes for the production of 2~alkyl-3,4- 

alkylenedioxybenzoic acid intermediates useful in the production of some of the 
other N -substituted-N^^diacylhydrazines of the present invention involve the 
use of activating/protecting groups in place of the carboxy group and require extra 
steps for conversion to the benzoic acid. 

30 There continues to be a need to develop insecticidal compounds 

having improved insecticidal and methods of production properties as described 
above. There also continues to be a freed to develop safened processes for the 
production of the intermediate compounds useful in such methods. The present 
invention provides improved N -substituted-N^N'-diacylhydrazines which are 

35 unexpectedly propertied with enhanced, higher activity as well as a safened method 
for production of intermediates useful for their production. The combination of 
higher activity, better economics of manufacture, and safer production methods can 
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provide an economic and environmental advantage in the use of the inventive 
compounds. 



SUMMARY- OF THE INVENTION 

5 

In accordance with the present invention, there are provided 
insecticidal compounds having the formula N-(2-R a -3-R^4-R^benzoyI)-N , -(2-R^^ 
Rd-^R^S-R^benzoylJ-N-Rg-hydrazine which may be depicted structurally as 
follows: 




wherein R a is a halo or lower alkyl; R^ is lower alkoxy, optionally substituted with 
halo (preferably fluoro); R G is selected from hydrogen, halo, lower alkyl, lower 

15 alkoxy, lower alkoxy lower alkyl, and nitro; R^, R e and Rf are each independently 
selected from hydrogen, bromo, chloro, fluoro, lower alkyl, lower alkoxy, and lower 
alkoxy lower alkyl; Rg is a branched (C4-C6)alkyl; R h is hydrogen, lower alkoxy, 
lower alkyl, or when taken together with R b is methylenedioxy (-OCH2O-), 1,2- 
ethylenedioxy (-OCH2CH2O-), 1,2-ethyleneoxy (-CH2CH2O-) or 1,3-propyleneoxy 

20 (-CH2CH2CH2O-) wherein an oxo atom is located at the R b position; and the 
substituents R c and R d , or R d and R e , or R e and R f when taken together can be 
methylenedioxy or 1,2-ethylenedioxy. 

Also provided are compositions comprising an agronomically 
acceptable carrier and an insecticidally effective amount of such compounds; and 

25 methods of using such compounds and compositions. The compounds and 

compositions of the present invention are insecticidally active against insects of the 
order Lepidoptera. Certain of these compounds and compositions are distinguished 
by their insecticidal activity against insects of both the orders Lepidoptera and 
Homoptera. 

30 Also described are improved methods for safer and more direct 

production of the compounds and their intermediates, which methods comprise 
effectively admixing a 3-amino-2-(substituted)benzoic acid, sodium nitrite and an 
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alcohol under acidic conditions to produce a reaction mass predominantly 
comprising a 3-alkoxy-2-(substituted)benzoic acid. 

Additionally described are improved methods for more direct 
production of certain 2-alkyl-3,4~fused heterocyclic benzoic acids and 2-halo-3,4- 
5 fused heterocyclic benzoic acids which are intermediates of some insecticidal 
compounds described herein. The method comprises effectively admixing a 3,4- 
fused heterocyclic benzoic acid and an alkyl lithium reagent followed by subsequent 
reaction with an electrophilic reagent. 

10 DETAILED DESCRIPTION OF THPE INVgNTIOrj 

Halo is chloro, fluoro, bromo or iodo. 

Lower alkyl is straight chain or branched (Cl~C6)alkyl such as methyl, 
ethyl, rc-propyl, isopropyl, rc-butyl, isobutyl, sec-butyl, tert-butyl, n-amyl, isoamyl, 
15 neopentyl, n-hexyl, isohexyl, methylneopentyl (3,3-dimethyl-2-butyl) and the like. 

Lower alkoxy is a straight chain or branched (Ci-C4)alkoxy, optionally 
substituted with halo, such as methoxy, ethoxy, n -propoxy, isopropoxy, n-butoxy, 
isobutoxy, trifluoromethoxy, difluoromethoxy and the like. 

Lower alkoxy lower alkyl is a (Cl-C4)alkoxy(Ci-C3)alkyl such as 
20 methoxymethyl, ethoxymethyl, 2-methoxyethyl, 2-ethoxyethyl and the like. 

One embodiment of the present invention is an insecticidal compound 
having a formula of N-(2-R a -3~R b -4-R h -^ 

N-Rg-hydrazine, wherein R a is a halo, preferably bromo or chloro, or lower alkyl, 
preferably a (Ci-C3)alkyl, more preferably methyl or ethyl; R b is lower alkoxy, 

25 preferably a (Ci-C4)alkoxy, more preferably methoxy, trifluoromethoxy or ethoxy, 
most preferably methoxy or ethoxy; R c is selected from hydrogen, bromo, chloro, 
fluoro, lower alkyl (preferably a (Ci~C3)alkyl, more preferably methyl), lower alkoxy 
(preferably a (Cl-C4)alkoxy, more preferably methoxy), (Cl-C2)alkoxy(Ci-C2)alkyl 
(preferably methoxymethyl), and nitro; R d , R e and R f are each independently 

30 selected from hydrogen, bromo, chloro, fluoro, lower alkyl (preferably a (Cx-C3)alkyl, 
more preferably methyl), lower alkoxy (preferably a (Q-C4)alkoxy, more preferably 
methoxy) and (Cl-C2)alkoxy(Ci-C2)alkyl (preferably methoxymethyl); Rg is a (C4- 
C6)alkyl, preferably tert-butyl, neopentyl or methylneopentyl, more preferably tert- 
butyl; R h is hydrogen, lower alkoxy (preferably a (Cl-C2)alkoxy, lower alkyl 

35 (preferably a (Ci«C2)aikyl), or when taken together with R b is methylenedioxy, 1,2- 
ethylenedioxy, 1,2-ethyleneoxy or 1,3-propyleneoxy wherein an oxo atom is located 
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at the R b position; and the substituents RC and R d , or R d and Re, or R e and R f when 
taken together can be methylenedioxy or 1,2-ethylenedioxy. Structural 
representation of the embodied compounds can be made as follows: 




Preferred insecticidal compounds are those wherein R b is methoxy and 
R h is hydrogen or when R b and R h taken together are methylenedioxy or 1,2- 
ethylenedioxy, and Rg is fert-butyl. More preferred are those wherein R a is methyl, 

10 ethyl, chloro or bromo, R b is methoxy and R* 1 is hydrogen or when R b and R b taken 
together are methylenedioxy or 1,2-ethylenedioxy, Rg is fert-butyl, and wherein no 
more than three of R c , R d , R e and R f are the same member selected from a group 
consisting of bromo, fluoro and chloro or no more than two of R d , R e and R f are 
methoxy. The more preferred compounds are those wherein no more than three of 

15 R c , R d , R e and R f are independently selected from chloro, fluoro, methyl and 

methoxy with the remaining RS Rd, Re and Rf being hydrogen. Most preferably, R d 
and R f are independently selected from chloro, methyl and methoxy and RC and R e 
are both hydrogen. 

Preferred compounds because of their higher activity and/or better 

20 economics of production include: 
N-(3-methoxy-2-methylben^ 
butylhydrazine, 

N-(3-methoxy-2-methyfo^ 
butylhydrazine, 

25 N~(3-methoxy-2-methylben^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , ~(24-dichlorobenzoyl)-N , -^rf- 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoy^^ 
30 butylhydrazine, 

N-(3-methoxy-2-me^ 
N-(3-methoxy-2-methylben^ 
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N-(3-methoxy-2-methyft 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(34-dichloroben2oy!)-N , ™terf- 
butylhydrazme, 
5 N-(3-methoxy-2-methylbenzoyl^^^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzo 
N-(3-methQxy-2-methy^ 
butylhydrazine, 
10 N-(3-methoxy-2-methylbenzo 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(3-methoxybenzoyl)-N-ier^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N^^ 
15 butylhydrazine, 

N-(3-methoxy-2-methyl 
butylhydrazine, 

NK3-methoxy-2-methylbenzoyl^ 
butylhydrazine, 
20 N-(3-methoxy~2-methy^ 
butylhydrazine, 

NK3~methoxy-2-methy&^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(4-methylbenzoyl)-N , -terf- 
25 butylhydrazine, 

N-(3-methoxy-2-methylbenzoy 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoy^^ 

N-(3-methoxy-2-methyfc 
30 butylhydrazine, 

M-(3-methoxy-2~methylbenz0yl)-^ 
butylhydrazine, 

N^S-ethoxy^-methylbenzoylJ-NHS^-dimethylbenzoylJ-N^ferf- 
butylhydrazine, 
35 N-(3-methoxy~2-methylbenzoyl)-N43-^^ 
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N-(3-methoxy~2-methyft^ 
butylhydrazine, 

N-(2-bromo-3-methoxy^^^ 
butylhydrazine, 
5 N-(2-chloro-3-methoxybenzoyl)^ 
butylhydrazine, 

N-(2-methyl-3~trifluorome&^ 
butylhydrazine, 

N-(3~methoxy-2-meth^ 
10 butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)^ 
butylhydrazine, 

N-(3-methoxy-2-methy 
butylhydrazine, 
15 N-(3»methoxy-2-methylbenzoyl)^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N-(3-ethylbenzoyl)-N 

N-(3-methoxy-2-methyibenzoyl)-NX2^ 
butylhydrazine, 
20 N-(2-ethyl-3~methoxybenzoy^ 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N'-(3-chloro-5-methylbenzoyl)-N , --ter^ 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzGyi)-N'-(2-methoxybenzoyl)-N f -fer^- 
25 butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N , -{2,5-difluorobenzGyl)~N , --fer^ 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N , -(3-methoxybenzoyl)--N , -terf-- 
butylhydrazine, 
30 N-(2-ethyl-3~metho 

N-(2-ethyl-3-methoxybenzoyf)-N'-(3>dichlorobenzoy^ 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzGyl)-N'«(24-dichlorobenzoyl)-N , --ter^ 
butylhydrazine, 
35 N-(2-ethyl-3-methoxybenzoyl)^^ 
butylhydrazine, 



6 



210 3110 



butylhydrazine, 

N-(2-ethyl~3,4-me^ 
butylhydrazine, 
5 N-(2-chloro-3,4-methy^ 
butylhydrazine, 

N-(2"bromo-34-methylenedioxyb.enz0y 
butylhydrazine, 

N-(3-ethoxy-2-ethyfo 
10 N-(3,4-(l,2-ethylenedioxy)-2-^^^ 
terf-butylhydrazine, and 

N-(2-e%l-3,4Kl,2-ethy^ 
butylhydrazine. 

Preferred insecticidal compounds wherein RS is (Cs-C6)aikyl are those 
15 wherein Rg is neopentyl or substituted neopentyl, preferably unsubstituted 

neopentyl, or methylneopentyl. Preferred neopentyl compounds are N-(3-methoxy- 
2-methylbenzoyl)-NX3,5-dim N-(3-methoxy- 
2-methylbenzoyl)-NX3,5-dimethylben^ N-(3- 
methoxy-2-ethylbenzoyl)-N'-(3,5-dta and N- 

20 (3-methoxy-2-ethylbenzoyl)-N , -(3 / 5-dimethylbenzoyl)-N , - 
(methylneopentyl)hydrazine. 

More preferred compounds and compositions thereof because of their 
superior insecticidal activity against insects of the order Lepidoptera include: 
N-(3~methoxy-2-methylbenzoy^^ 
25 butylhydrazine, 

N-(3-methoxy-2-methyte^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(3-methylbenzoyl)-N l '-ter^ 
butylhydrazine, 
30 N~(3~methoxy-2-methylh^^ 
butylhydrazine, 

ftH3-methoxy-2-methyIben^^ 
butylhydrazine, 

N-(3-methoxy-2~methy 
35 butylhydrazine, 

N-(3-methoxy-2-methylbenzoyI)-NH 
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N-(3~methoxy-2-me&^ 
butylhydrazine, 

NK3-methoxy"2-methylbenzoyl)-N43^^^ 
butylhydrazine, 

N-(3-methoxy-2-methy^ 
butylhydrazine, 

N-(3-methoxy-2-methylhenzoyl)^ 
butylhydrazine, 

N-(3-methoxy~2-methylbenzoyl)-N , -(4-chloro-2-methoxybeM 
butylhydrazine, 

N-(3-methoxy~2-methylbenzoyl)-NH3 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N^^ 

NH(3-methoxy~2-me^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)--N , -(3,5-difluorobenzoyl)-N , -^r^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(4-methylbenzoyl)--N'-ter^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenz 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)~^ 

N-(3-methoxy-2-methylbenzoyl)-N T -(3,4-difluorobenzoyl)--N , -tert- 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoy 
butylhydrazine, 

N~(3~methoxy-2-methyl^^ 
butylhydrazine, 

N-(3-ethoxy-2-methylbenzoy^ 
butylhydrazine, 

N~(3-methoxy-2-methy 

'N-(3-methoxy-2-methylb^ 
neopentylhydrazine, 

N-(24>romo-3-methoxybenzo 
butylhydrazine, 
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N-(2<hloro-3-methoxy 
butylhydrazine, 

N-(2-methyl-3-trifIuoromethoxyben 
butylhydrazine, 
5 N-(3-methoxy-2-methylh^^ 
butylhydrazine, 

N-(3-methoxy-2-methylben^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoy^ 
10 butylhydrazine, 

N-(3-methoxy~2-methylben^ 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-^^ 
butylhydrazine, 
15 N-(3-methoxy-2~methylbenzoyl)^ 
butylhydrazine, 

N-(3-methoxy-2~methylbenzo 
N-(3-methoxy-2-methylbenzoyl)-^^ 
butylhydrazine, 
20 N-(2-ethyl-3-methoxyb^ 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)^ 
butylhydrazine, 

N-(2-ethyl-3HnethQxybenzoy^ 
25 butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N , -(3-methoxybenzoyI)«N , --feri- 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-^ 
N-(2-ethyl-3-meth^ 
30 butylhydrazine, 

N-(2~ethyl-3-methoxybenzoyi)-N , -(2 / 4-dichlorobenzoyl)-N , ^erN 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl^ 
butylhydrazine, 
35 N-(2-chloro~3-methoxyb^ 
butylhydrazine, 
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N-(2-bromo-3-met^ 
butylhydrazine, 

N-(2-methyl-3,4-methylenedioxyb^^^ 
butylhydrazine, 
5 N-(2~ethyl-34-m^ 
butylhydrazine, 

NK2<hloro-3,4-methylened^^^ 
butylhydrazine, 

N-(2-bromo~34-methy 
10 butylhydrazine, 

N-(3,4-(l,2-ethylenedioxy)-2-^^ 
fer^-butylhydrazine, and 

N~(2-ethyl-3,4-(^ 
butylhydrazine. 

15 Even more preferred compounds and compositions thereof because of 

their outstanding insecticidal activity against insects of the order Lepidoptera 
include> 

N-(3-methoxy-2-m 
butylhydrazine, 
20 N-(3-methoxy-2-methy 
butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-N , -(3«methylbenzoyl)-N , -ter^ 
butylhydrazine, 

N-(3-methoxy-2-methylben^ 
25 butylhydrazine, 

N-(3-methoxy-2-methylbenzoyl)-NX 
butylhydrazine, 

^(S-ethoxy^methylbenzoy^-N-CS^-dimethylbenzoylJ-N'-ter^ 
butylhydrazine, 

30 N-(3-methoxy-2-methylbenzoyl)-N , ~(3-methoxy-5-methylbenzoyl)-N f - 
butylhydrazine, * 

N~(3~methoxy-2-methylbenzoyl^ 

N-(2-chioro-3-methoxybenzoyl)-N'-{3 / 5-dimethylbenzoyl)-N r -^rf- 
butylhydrazine, 
35 N~(2-bromo-3-methoxybenzoyl)^^ 
butylhydrazine, 
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N-(3,4-(l,2-ethylenedioxy)-2-me^ 
tert-butylhydrazine, and 

N-(2~ethyl-3,4-{l,2-e^ 
butylhydrazine. 

5 More preferred compounds and compositions thereof because of their 

superior insecticidal activity against insects of the order Homoptera include: 

N-(2-ethyl-3-methoxybenzoyl)-N-{3,5-dimethylbenzoyl)«N T -terf- 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N'^^ 
10 butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N , -(3«methoxybenzoyl)-N'-tert- 
butylhydrazine, 

N-(2-ethyl-3-methoxybenzoyl)-N'-(2-methoxybenzoyl)-N , -ter£- 
butylhydrazine, 
15 N-(2-ethyl-3-methoxybenzoyl)^ 
N<3-ethoxy"2-ethylbenzoyl)-^^^ 
I^H2-ethyi-3-methoxybenzoyl)-^ 
NK3,4Kl,2~ethylenedioxy^ 
teri-butylhydrazine, and 
20 N-(2~ethyl-3,4<l,2-et^^^ 
butylhydrazine. 

METHODS Qf PREPARAHQM 

25 Many of the compounds of the present invention, and the 

intermediates related thereto, can be prepared by methods similar to the known 
methods for making N-substituted-N^'-diacylhydrazines. Those of ordinary skill 
in the art will be able to utilize or modify such processes after knowledge of the 
disclosures herein to accommodate many of the functionalities R c , R^, Re and R* in 

30 the intermediates and compounds of the present invention. 

An inventive method ft) produce some of the intermediates desirable 
to produce the R a and R b functionalities of the present invention has been 
discovered. This method provides unexpected results in the products and safety of 
the reaction involved as well as provides a simplified, economic process. The 

35 method can be performed by a process comprising effectively admixing a 3-amino-2- 
(substituted)benzoic acid, sodium nitrite and an alcohol, preferably methanol or 
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ethanol, or a mixture of water and an alcohol, preferably only an alcohol, under 
acidic conditions to produce a reaction mass comprising a 3-alkoxy-2- 
(substituted)benzoic acid, preferably 3-methoxy-2-(substituted)benzoic acid or 3 7 
ethoxy-2-(substituted)benzoic acid. 

Accordingly, one process embodiment of the present invention is a 
process comprising admixing 

(a) a composition comprising 

(i) a 3-amino-2-(substituted)ben2oic acid or an ester thereof and 

(ii) an alcohol or a mixture of an alcohol and water, preferably 
methanol or ethanol; 

(b) an effective amount of an inorganic acid; and 

(c) sodium nitrite. 

The general reaction scheme can be depicted as follows: 




Each of R 2 , R 4 , R5, and R 6 independently can be hydrogen, a straight or 
branched (Ci-Cio)alkyl, a straight or branched halo(Ci-Cio)alkyl, a straight or 
branched (Ci-Cio)alkoxy, a straight or branched halo(Ci-Cio)alkoxy, or a halo 
substituent. Preferably R 2 is a substituent consistent with the desired compound 
substitution. Preferred 3-amino-2-(substituted)benzoic acids are 3~amino-2- 
methylbenzoic acid and 3-amino-2-ethylbenzoic acid. Preferred halo substituents are 
are bromo, chloro, and fluoro. A preferred halo(Ci-Cio)alkyl is trifiuoromethyl. R3 
is an alkyl moiety, preferably lower alkyl and more preferably methyl or ethyl, 
which results from the use of an alcohol in the process having the formula R 3 OH. 

R7 can be hydrogen, a straight or branched (Ci-Cio)alkyl, or a straight 
or branched halo(Ci-Cio)alkyl. Non-limiting illustration of a straight or branched 
(Ci-Cio)alkyl can be jr-butyl as a straight C4 alkyl and sec-butyl or isobutyl as a 
branched C4 alkyl. The halogenated alkyls can be halogenated with one or more of 
the same or different halogen. Preferably, R 7 is a hydrogen or a (Ci-C^alkyl, more 
preferably hydrogen. Some replacement of R 7 on the product compound can occur, 
thus creating a product mixture of acids and esters. 
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The acidic condition can be created by use of hydrobromic, 
hydrochloric, phosphoric, or sulfuric acid; preferably sulfuric acid. The amount of 
the acid is that effective amount in combination with the utilized water or 
methanol to produce the desired alkoxylated product in substantial amounts. The 
5 amount of acid can range from about 0.5 to about 5 mole equivalents, preferably 
from about 1 to about 4 mole equivalents, more preferably from about 1.5 to about 
2.5 mole equivalents. 

The amount of alkoxylated product, produced in the reaction mass is 
preferably at least about sixty (60) per cent by weight, more preferably at least about 
10 eighty (80) per cent. 

The reaction mass can comprise additional products consisting of 
hydroxylated products (e.g., "phenolic compounds") which have hydroxyl (OH) 
moieties at the 3 position (e.g., 3-hydroxy~2-methylbenzoic acid). Preferably, the 
hydroxylated by-product content of the reaction mass is less than ten (10) per cent by 
15 weight, more preferably less than about five (5) per cent by weight, and most 
preferably essentially an absence of the hydroxylated by-product. 

The reaction mass also can comprise additional products which have 
replacement moieties bonded to the "oxy" oxygen of the carboxylic group of the 3- 
aminobenzoic acid [e.g., -CO2H --> -CO2R 3 ], wherein R 3 can be the alkyl portion of 
20 the alcohol used, e.g. methyl. 

The reaction temperature can be room temperature up to the boiling 
temperature of the reaction mixture, although cooling can be done but is not 
required. Preferably the temperature is from about 0°C to about 100°C, more 
preferably from about 25°C to about 75°C, most preferably from about 45°C to about 
25 65°C 

Since some phenolic by-product may be produced by the reaction, an 

optional method of additional steps to convert any phenolic by-product produced in 

the reaction comprises subsequently admixing the reaction mass formed containing 

such phenolic compounds with 
30 (a) an effective amount of a base, preferably sodium hydroxide, potassium 

hydroxide, sodium carbonate, or potassium carbonate, more preferably sodium 

hydroxide and potassium hydroxide, and 

(b) an effective amount of a methylating agent, preferably methyl 

carbonate, methyl chloride, methyl iodide or dimethyl sulfate, 
35 to convert a substantial amount, preferably essentially all, of the phenol compounds 

to a 3-methoxybenzoic acid or 3-methoxybenzoic ester derivative compound. 
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The amount of the base used can be preferably about 4 to about 6 
equivalents and the amount of the methylating agent used can be preferably about 2 
to about 4 equivalents. 

Such processes result unexpectedly in a more safe and direct one step 
route to production of the 3-methoxybenzoic acid relative to prior known processes, 
which exhibit potential explosion hazards. The enhanced safety is due in part to 
avoidance of the build-up of diazonium intermediates during the course of the 
reaction. 

Another inventive method to produce some of the intermediates 
desirable to produce the R a functionality in the presence of certain heterocyclic rings 
fused to the R b and R h position has been discovered. This method provides 
unexpected results in the products and ease of the reaction involved as well as 
providing a simplified economic process. The method can be performed by a 
process comprising effectively of mixing a 3,4-fused heterocyclic benzoic acid with 
an alkyl lithium reagent at low temperature, followed by addition of an electrophilic 
reagent to produce a reaction mass containing a 2~substituted-3,4-fused heterocyclic 
benzoic acid. Thus, this method permits direct ortho-lithiation of certain benzoic 
acid derivatives in the presence of a carboxy group and obviates the need for other 
activating/protecting groups in place of the carboxy group. 

Accordingly, a second process embodiment of the present invention is 
a process comprising admixing at a temperature of from about -90 °C to about -20 °C 
for from about one to about four hours 
(a) a composition comprising 

(i) a 3,4-fused heterocyclic benzoic acid and 

(ii) an aprotic solvent, and 
■(b) a composition comprising 

(i) an alkyl lithium reagent and 

(ii) an aprotic solvent, followed by subsequent admixture of 

(c) an electrophilic reagent at from about -90 °C to about room temperature. 
The general reaction scheme can be depicted as follows: 
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Hach of R 8 and R 9 independently may be hydrogen, a straight or branched (Gl- 
Cio)alkyl, or a or straight or branched (Ci-Cio)alkoxy. Preferably, R8 and R 9 are 
hydrogen. X may be methylene (CH2), oxy (O), thio (S) or N-R 12 , where R 12 may be 
a straight or branched (Ci-Cio)alkyl. Y may be oxy, thio or N when N forms a 
double bond with an adjacent carbon atom. Preferably, X is O or CH2 and Y is O. 
The methylene chain length represented by n may be 1-3, preferably 1 or 2. 

The lithiating reagent R 10 Li may be n-butyl lithium, sec-butyl lithium, 
terf-butyl lithium, or phenyl lithium, preferably, n-butyl lithium. 

The aprotic reaction solvent may be tetrahydrofuran, ethyl ether, 1,4- 
dioxane, hexanes, or mixtures of these. The preferred solvent is tetrahydrofuran. 

The reaction mixture may also contain adjunctive lithium chelators 
such as tetramethylethylenediamine (TMEDA). 

The electrophilic reagent is represented by the formula RHz wherein 
R 11 is lower alkyl, preferably methyl or ethyl, perhaloalkyl, or is a halo such as 
chloro, bromo or iodo, and Z is a halo such as chloro, bromo or iodo, an 
alkylcarbonyl such as acetyl or propionyl, an alkylcarbonyloxy such as acetoxy, or - 
formyL More preferably, the electrophile is a lower alkyl iodide, such as methyl or 
ethyl iodide. 

The reaction temperature for ortho-lithiation can be from about -90° to 
about -20° C, preferably from about -50° to about -80° C. 

The reaction time for ortho-lithiation may be about 1-4 hours, 
preferably about 2 hours. 

The reaction temperature for reaction of the electrophilic reagent can 
be from about -90 °C to about room temperature. Preferably, the electrophilic 
reagent is added at about -65 °C and the reaction mixture is permitted to warm to 
about room temperature without additional heating. 

The reaction time for reaction of the electrophilic reagent can be from 
about 30 minutes to about 2 hours. 

Such processes unexpectedly result in a simple one-step route to 2- 
substituted benzoic acids which also bear a fused heterocyde at the 3 and 4 positions. 
This process minimizes the reaction of the alkyl lithium reagent with the carbonyl 
group resulting in undesired phenyl ketones, and obviates the need for other 
activating/protecting groups in place of the carboxy group. 

The agronomically acceptable salts of the present insecticidal 
compounds can be synthesized by the utilization of the salting methods known in 
the art relating to N -substituted-N^'-diacylhydrazines used as insecticides. 
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The compounds of the present invention exhibit unexpectedly 
excellent results in their use as insecticides. One skilled in the art will be able to 
determine the activity of a given compound against a given insect and the dosage 
required to obtain unexpectedly good insecticidal effects. The exact dosage for a 
given situation can be routinely determined and the compositions and 
formulations for such uses, and the desired additional components (such as 
agronomically acceptable carriers, diluents, extenders and other common additives 
used in insecticidal compositions) can be determined in the known manners. 

Accordingly, another embodiment is an insecticidal composition 
comprising one or more compounds having the formula N-(2-R a -3-R b -4-R b - 
benzoyl)-N-(2-RC^ wherein R a is a halo or 

lower alkyl; R b is lower alkoxy, optionally substituted with halo (preferably fluoro); 
R c is selected from hydrogen, bromo, chloro, fluoro, lower alkyl, lower alkoxy, lower 
alkoxy lower alkyl, and nitro; R d Re and R* are each independently selected from 
hydrogen, bromo, chloro, fluoro, lower alkyl, lower alkoxy, and lower alkoxy lower 
alkyl; Rg is a (C4~C6)alkyl; R b i s hydrogen, lower alkoxy, lower alkyl, or when taken 
together with R b is methylenedioxy (-OCH2O), 1,2-ethylenedioxy (-OCH2CH2O-), 
1,2-ethyleneoxy (-CH2CH2O-) or 1,3-propyleneoxy (-CH2CH2CH2O-) wherein an oxo 
atom is located at the R b position; and the substituents R c and R d , or R d and R e , or 
R € and R f when taken together can be methylenedioxy or 1,2-ethylenedioxy. The 
preferred compositions have the preferred compounds set out hereinabove. 

Also embodied is a method for controlling insects comprising 
contacting the insect with an insecticidally effective amount of a compound having 
the formula N-(2-R a -3-R b -4-Rh-benzoyl)-N'-(2-R c -3-R d --4-Re-5-Rf-benzoyl)-N'-Rg- 
hydrazine wherein R a is a halo or lower alkyl; R b is lower alkoxy, optionally 
substituted with halo (preferably fluoro); R c is selected from hydrogen, bromo, 
chloro, fluoro, lower alkyl, lower alkoxy, lower alkoxy lower alkyl, and nitro; R d , R e 
and R f are each independently selected from hydrogen, bromo, chloro, fluoro, lower 
alkyl, lower alkoxy, and lower alkoxy lower alkyl; Rg is a (C4-C6)alkyl; R b is 
hydrogen, lower alkoxy, lower alkyl, or when taken together with R b is 
methylenedioxy (-OCH20-), 1,2-ethyienedioxy (- QCH2CH2O-), 1,2-ethyleneoxy 
(-CH2CH2O-) or 1,3-propyleneoxy (-CH2CH2CH2O-) wherein an oxo atom is located 
at the R b position; and the substituents R c and R d , or R d and R e , or R e and R f when 
taken together can be methylenedioxy or 1,2-ethylenedioxy. The preferred methods 
will utilize the preferred compounds hereinabove identified. A preferred method is 
a method wherein R a is methyl, ethyl, chloro or bromo, R b is methoxy and R b is 
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hydrogen or when Rk and R* 1 taken together are methylenedioxy or 1,2- 
ethylenedioxy, Rg is terf-butyl, and wherein no more than three of R c , R<*, Re and R* 
are the same member selected from a group consisting of bromo, fluoro and chloro 
or no more than two of R^, Re and R* are methoxy. 

The following examples illustrate preparation of the 3~alkoxy-2-alkylben2oic 
acids, the 3,4-fused heterocyclic benzoic acids, intermediates, and representative 
compounds of the present invention. 

EXAMPLE 1 - Preparation of 3-Methaxv-2>Metfaylben2oic Acid 

3-Amino-2-methylbenzoic acid, 140.3 grams .(g), 0.93 mole, reacted in four 
portions) in 5.7 mass equivalents of methanol, was treated with 1.5 mole 
equivalents of concentrated sulfuric acid. The mixture was heated to 55°C and 1.05 
mole equivalent of sodium nitrite dissolved in twice its mass of water was fed to the 
reaction over 30 to 45 minutes, maintaining the temperature between 55 and 65°C 
Then 4.5 mole equivalents of 25% aqueous sodium hydroxide was added over one- 
half hour, followed by a half-hour feed of 2 mole equivalents of dimethyl sulfate at 
50 to 60°C. After one-half hour the batch was assayed by gas chromatography (GC), 
Additional sodium hydroxide and dimethyl sulfate were added in portions until 
complete conversion was obtained, The methanol remaining was removed by 
vacuum, and the residue was partitioned between ethyl acetate and water made 
acidic with sulfuric acid. The ethyl acetate was removed under vacuum. The 
combined residues (152.8 g) dissolved in 350 g warm methanol were poured into a 
mixture of 278 g concentrated sulfuric acid and 1 liter (L) water. The resulting 
precipitate was collected by filtration, washed with water, and dried in vacuo, giving 
135.8 g of material which was 96% pure as determined by GC. 

EXAMPLE Z - Preparation pf 3<hlQrQ-g-M^thyfe^R^Qic Add 

A mixture containing 3,5-dimethylchlorobenzene (25 g, 180 mmoles), cobalt 
(II) acetate tetrahydrate (1.1 g, 4.5 mmol), and sodium bromide (0.46 g, 4.5 mmoles) 
in 50 milliliters (mL) of acetic acid was heated to 85 °C while air was bubbled in. 
After 55h, the reaction was judged to be complete by GC. After cooling to room 
temperature, the reaction mixture was filtered. The filtrate was partitioned between 
water (500 mL) and ethyl acetate (200 mL). The aqueous was extracted with 2 X 100 
mL ethyl acetate. The combined organic phases were washed with water, then 
extracted with 4% aqueous sodium hydroxide (3 X 200 mL). The basic aqueous 
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phases were cooled with ice and acidified with concentrated hydrochloric acid. The 
resulting white precipitate was collected by vacuum filtration and dried to yield 15.5 
g of white solid (mp 175-177 °C) which was consistent with the structure 3~chloro-5- 
methyl benzoic acid by nmr and GC. 

EXAMPLE 3: Preparation of 3-Amino-2-M?foylbenzoic Acid 

A solution of 2-methyi-3-nitrobenzoic acid (mp. 182-184°C, 22 g, 0.12 mol) in 
400 mL of methanol was hydrogenated over platinum oxide (100 mg) for 45 minutes 
at 55 pounds per square inch (psi)/ whereupon the catalyst was filtered off through a 
bed of Celite® (50 g), and the solvent evaporated under reduced pressure to give 3- 
amino-2-methyibenzoic acid (mp. 1 78-181 °C) in quantitative yield (18.3 g). 

EXAMPLE 4: Preparation of 3-Methoxy-2-Methy lbenzQic Acid 

Ground 3-amino-2~methylbenzoic acid (17 g, 0.11 mole) was mixed with 
methanol (120 mL) in a 1-1 3-neck round bottom flask provided with a mechanical 
stirrer and a thermometer. To this mixture, concentrated sulfuric acid, 15.5 mL, was 
added dropwise with stirring. Upon the addition, the temperature of the mixture 
went up to 50°C The addition time was 2 minutes. Following the addition, the 
flask was placed on a pre~heated oil bath and the temperature of 50-55°C inside the 
flask was maintained. Thereafter, a dropwise addition of sodium nitrite solution 
(8.1 g in 17 mL of water) was started. When the temperature reached 62°C, the 
heating under the oil bath was turned off. After additional 10 min on the oil bath 
(the heater still turned off), the temperature dropped to 55°C, at which point sodium 
hydroxide (50% aqueous, 55 g) diluted water (55 mL) was added dropwise over 30 
minutes, followed by water (55 mL) in one portion, and dimethyl sulfate (25 mL) 
dropwise in two portions (15 mL plus lOmL) over 30 minutes with 20 minutes apart. 
The reaction mixture was allowed to cool to room temperature whereupon it was 
poured over concentrated sulfuric acid, 40 mL, diluted with water (360 mL), the 
product collected by filtration, and dried in vacuo over 24 hours to give 3-methoxy- 
2-methylbenzoic acid (12 g). *H-NMR (CDC1 3 ) Sppm 2.50 (s, 3H), 3.85 (s, 3H), 7.03 (d, 
1H, Ar), 7.22 (dd, 1H, C-5), 7.59 (d, lM,Ar). 

EXAMPLE 5: Preparation of 3-Methoxy-2-Methylbenzoyl Chloride 

To 3-methoxy-2-methylbenzoic acid (454 g, 2.73 moles) in 1300 mL chloroform 
containing 20 g dimethyl formamide at 65°C, thionyl chloride (390 g) was added 
dropwise over 6 hours, whereupon the solvent was removed by evaporation at a 
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reduced pressure. The residue (512 g) was distilled at 110°C at 1-2 mm Hg to give 
3-methoxy-2-methyIbenzoyl chloride (435 g). 

EXAMPLE fr Preparatiopjpf N-(3,543imethvlbenzoy 

A suspension of tert-butylhydrazine (290 g, 2.33 moles) in toluene (830 mL) 
was cooled to 5°C in an ice bath. Sodium hydroxide (50% aqueous; 180 g, 2.25 moles) 
mixed with ice (180 g) was slowly added over 30 minutes. To this was added di- 
terfbutyl dicarbonate (500 g; 2.29 moles) over 2. hours, while the temperature of the 
reaction kept close to 5°C. After the completion, the reaction was allowed to warm 
to room temperature and stirred overnight The organic layer was then washed 
with water and brine, dried over magnesium sulfate, filtered and stripped. The 
crude product was recrystallized from hexane to give a solid (338.7 g) which melted 
at 83-86°C To this solid (320 g, 1.69 mol) in toluene (1 L) at 7°C, 3,5-dimethylbenzoyl 
chloride (268 g, 1.59 moles) and sodium hydroxide (50% aqueous, 127.23g, 1.59 
moles) were added concurrently at such a rate that the temperature of the reaction 
mixture remained 5-9°C. After addition was complete (2 hours), the reaction 
mixture was allowed to reach room temperature, whereupon it was diluted with 
hexane and water, and the product filtered. Additional product was obtained by 
washing the organic portion of the filtrate with water and brine, evaporation of the 
solvent followed by trituration with hexane. The combined filtercake (470 g, 1.5 
moles) was suspended in methanol (1500 mL) and treated with 37% hydrochloric 
acid (357 mL, 3.62 moles) at such a rate that the temperature remained below 35°G 
Cooling on ice-bath was applied. After the addition was complete, the reaction 
mixture was stirred for 72 hours. Additional hydrochloric acid (50 mL) was added 
and reaction stirred briefly, then neutralized with aqueous sodium bicarbonate. The 
product was filtered, washed with water and dried to give 256 g of N-(3,5- 
dimethylbenzoyl)~N-^r^butylhydrazine. iH-NMR 5 ppm 1.47 (s, 9H, t-Bu) 2.31 (s, 
6H), 3.73 (s broad, 2H, NH 2 ) 7,00 (s, 1H, C-4), 7,05 (s, 2H, Ar- C-2 and 6). 

EXAMPLE 7: Preparation of N-(3-methoxv-2-meth y 1b g >nzoyn^N^(35- 
dimqthylbgngoyn-N^^-butvlhydragine framJroducts of EXAMPLES 4 and 6 

A solution of 3-methoxy-2-methylbenzoic acid (1.5 g, 0.01 mole) in thionyl 
chloride (10 mL) was refluxed for 45 minutes and then stripped under reduced 
pressure. The residue was dissolved in methylene chloride (50 mL) and added 
dropwise with cooling at 0 G C to a solution of N-(3,5-dimethylbenzoyl)-N-ter^ 
butylhydrazine (4.4 g. 0.02 mole) in methylene chloride (50 mL). Following the 
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addition, the solution was stirred overnight at room temperature and filtered. The 
filter-cake was washed extensively with water and ether, and then dried in vacuo to 
give 2.1 g of N-CS-methoxy-Z-methylbenzoyO-N'^S^-dimethyibenzoylJ-N-tert- 
butylhydrazine, melting at 204 - 204.5°C ^H-MMR 8 ppm 1.50 (s, 9H, ferf-Bu), 1.63 (s, 
3H, Ar-CH 3 ), 2.25 (s, 6H, di-CH 3 ) 3.75 ( S/ 3H, OCH 3 ), 6.26 (d, IB, Ar), 6.93 - 7.20 (m, 
5H, Ar). 

BXAMELE Si Preparation ofiad^Meto 
frpip Product pf EXAMPLE 5 

To a stirred suspension of ter^butylhydrazine hydrochloride (397 g, 3.27 mole) 
in methylene chloride (2 L) at 0°C, was added sodium hydroxide (50% aqueous, 260 
g) diluted with water (400 mL). Following this, 3-methoxy-2-methylbenzoyl chloride 
(140 g, 0.78 mole) in methylene chloride (1 L) and sodium hydroxide (50% aqueous, 
80 g) diluted with water (400 mL) were added concurrently at -20°C After the 
addition was complete, the reaction mixture was allowed to warm to room 
temperature and after additional 30 minutes, the organic layer was washed with 
water (4x500 mL), dried over magnesium sulfate and stripped to yield N-(3- 
methoxy^-methylbenzoy^-N^ter^butylhydrazine (177 g). ^H-NMR (CDCI3) 6 ppm 
1.19 (s, 9H, t-Bu), 2.29 (s,3H, CH 3 ), 3.87 (s, 3H, OCH3), 6.90 (d, 1H, C-4 or 6), 6.95 (d, 
1H, C-4 or C6) 7.19 (dd, 1H, C-5). 

EXAMPLB 9: Preparation of N-(3-Methoxv^Methvlb e nzovl)^N-(?^- 
Pimethvlb^QYD-N'-fer^Butvlhvdrazine from Product of EXAMPLE 8 
To a stirred solution of N-(3-methoxy-2-methylbenzoyl)-N , -fer^ 
butylhydrazine (506 g, 2.14 mole) in methylene chloride (1.5 L) at 5°C were 
simultaneously added solutions of 3,5-dimethylbenzoyl chloride (360 g, 2.14 moles) 
in methylene chloride (500 mL) and sodium hydroxide (50% aqueous, 171.2 g, 2.14 
moles) diluted with water (400 mL), at such a rate that the temperature of the 
mixture did not exceed 10°C. Following the addition, the reaction mixture was 
allowed to reach room temperature and stirred continuously for 1 additional hour, 
whereupon the reaction mixture wa"s diluted with methylene chloride (12 L), 
washed with water, dried over magnesium sulfate, filtered and stripped to give N- 
<3-methoxy-2-methylbenzoyl)^ 
(663 g), melting at 204-204.5 °C. 
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EXAMPLE 10: Pr^catioiLjQ^ 

To a 500 mL, 3-neck, round-bottom flask equipped with thermometer, 
condenser, addition funnel, and magnetic stirring, was added 43.2 g (253 mmoies) of 
m-anisoyl chloride in 500 mL of methylene chloride. The solution was cooled on 
ice and 2-methyl-2-aminopropanol (56.4 g, 60.4 mL, 633 mmoies) dissolved in 50 mL 
of methylene chloride was added slowly with stirring. The mixture was allowed to 
warm to room temperature and was stirred overnight. The solution was filtered 
from solids, and solvent was removed in vacuo. With ice cooling, thionyl chloride 
(90.8 g, 55.7 mL, 763 mmoies) was added to the remaining oil The mixture was 
stirred for 1 hour at room temperature, and poured into 1 L of ether. The ether was 
decanted, and the remaining oil was carefully poured into 100 mL of 20% sodium 
hydroxide with ice cooling. After extraction several times with ether, the organic 
phases were combined, dried over magnesium sulfate, and solvent was removed in 
vacuo to yield a viscous yellow oil. The crude material was purified by column 
chromatography (1:1 ethenhexanes), or by distillation (5 mm Hg, b.p. =150° C), to 
yield a low-melting solid. 

EXAMPLE It Preparation Q f 2-Ethyl-3-Mefo^^ 

A 5 L, 4-necked round-bottom flask equipped with addition funnel, overhead 
stirring, and nitrogen purge was dried and charged with 128 g (623 mmoies) of 2-(3- 
methoxyphenyl)-5,5-dimethyloxa2oline in 2.5 L of tetrahydrofuran. The mixture 
was cooled to -65 °C in a dry ice/isopropanol bath, and 450 mL of 1.6 N w-butyl 
lithium was added slowly. After complete addition, the mixture was stirred for 1.5 
hours at -45 to -30 °C After cooling to -45 °C, ethyl iodide was added (80 mL, 1 
mole). The temperature was maintained at -45 °C for 20 minutes, the mixture was 
allowed to warm to room temperature and was stirred overnight. Saturated 
ammonium chloride was added with ice cooling, and the mixture extracted several 
times with ether. The organic extracts were combined, dried over sodium sulfate, 
and solvent was removed in vacuo to give an oily solid. The solid was dissolved in 
1L of 6N hydrochloric acid in 3:1 water:methanol and heated at reflux for 15 hours. 
The hydrolysis was monitored by *H NMR and shown to be about 75% complete. 
Additional acid was added (200 mL of 6N hydrochloric acid in 3:1 watenmethanol), 
and the mixture was heated again at reflux for 8 hours. The mixture was cooled on 
ice, solids were collected, and dissolved in 10% aq. sodium hydroxide /methylene 
chloride. The aqueous layer was removed, acidified, and filtered to yield a tan solid 
which was air-dried at room temperature (53 g). An additional 23 g of product was 
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ootained by further acidic hydrolysis of the methylene chloride extract. The melting 
point of the desired acid was 100-101 °C 

EXAMPLE 12; Zxs®mSm of N-(2~Ethyl^ 

To a 25 mL round-bottom flask was added 2-ethyl~3~methoxybenzoyl chloride 
(0.52 g, 2.9 mmoles) and 2 mL thionyl chloride. The mixture was heated at reflux for 
two hours, and excess thionyl chloride was removed in vacuo to yield 2-ethyl-3~ 
methoxybenzoyl chloride as a tan solid. 

10 The acid chloride and 0.60 g (2.72 mmoles) N-t-butyl-N-3,5- 

dimethylbenzoylhydrazine was dissolved in 5 mL of methylene chloride and the 
solution was cooled in an ice bath. Potassium carbonate (0.83 g, 6.0 mmoles) in 2 mL 
of water was added and the mixture was stirred gently first at 0 °C for several hours, 
and then at room temperature overnight. The methylene chloride layer was 

15 removed, and the mixture was extracted once again with methylene chloride. The 
organic phases were combined, dried over magnesium sulfate, and the solvent was 
evaporated. The resultant solid was washed several times with 1:1 ethenhexanes 
and dried for one hour at 70 °C to yield 1.0 g, m.p. 146 °C. 

20 EXAMPLE 13: Preparation of 2-Ethyl-3-Methoxy-4-Methvlben2oic Add 

2-(2-Ethyl-3-methoxy-4-methylphenyl)-5,5-dimethyloxazoline, synthesized in 
like manner according to EXAMPLE 10, (2.7 g, 13.1 mmoles) and 2.2 mL (35.3 
mmoles) of methyl iodide were dissolved in 4 mL of dimethyl sulfoxide. The 
resultant mixture was stirred for 18 hours at room temperature. A solution of 4.2 g 

25 of potassium hydroxide in 35 mL of water was added, and the mixture was heated at 
reflux for 8 hours. About 40 g ice was added, and the solution was extracted with 
ether. The aqueous layer was cooled on ice and acidified with 5% hydrochloric acid. 
The resulting precipitate was filtered and air-dried to yield 1.69 g of product. 
iHNMR (200 MHz, CDCI3), 8=7.72 (1H, d, 8 Hz), 7.1 (1H, d, 8 Hz), 3.77 (3H, s), 3.06 

30 (2H, q, 7 Hz), 2.36 (3H, s), 1.22 (3H, t, 7 Hz) ppm. 

*> 

EXAMPLE 14: Preparation of 2-Methylpip eronylic Acid 

A 250 mL round-bottom flask equipped with a nitrogen purge, septum inlet, 
and magnetic stirring was dried under a nitrogen atmosphere and charged with 2.5 g 
35 (15 mmoles) of piperonylic acid and 100 ml of tetrahydrofuran. The solution was 
cooled to -70 °C, and n-butyl lithium (1.6 M, 22 mL, 35.2 mmoles) was added. The 



22 



2103110 



mixture was stirred for 2 hours at -70 °C. Methyl iodide (3 mL, 48,2 mmoles) was 
added at <-65 °C, the mixture was stirred for 1 hour at -70 °C, and the solution was 
then allowed to warm to 0 °C. The reaction was quenched with saturated aquepus 
ammonium chloride, and the organic layer was removed and acidified with dilute 
hydrochloric acid to yield 1.37 g of product. Acidification of the aqueous and organic 
phases gave a total of 2.67 g of a yellow, powdery solid. 

Ifi NMR (200 MHz, DMSG-d6), 5=7.5 (1H, d, 8 Hz), 6.83 (1H, d, 8 Hz), 6.08 (2H, s), 2.37 
(3H, s) ppm. 

EXAMPLE 15: Preparation of 2-Isop ropyl-3-Methoxybenzoic Acid 

A 500 mL round-bottom flask equipped with nitrogen purge, septum inlet, 
and magnetic stirring, was dried under an atmosphere of nitrogen and charged 
with 5 g (21.2 mmoles) of 2-(2,3-dimethoxyphenyl)-5,5-dimethyloxazoline (which 
was synthesized in a like manner according to EXAMPLE 10) and 100 mL of 
tetrahydrofuran. The solution was cooled to 10 °C and 58 mL of 2N 
isopropylmagnesium chloride/ether was added. The mixture was stirred at room 
temperature overnight and poured into a 1:1 mixture of saturated ammonium 
chloride and ice. The mixture was extracted twice with ether; the organic layers were 
combined, dried over magnesium sulfate, and the solvent was removed in vacuo to 
yield 5,3 g of a yellow oil. This was dissolved in 200 mL of 6N hydrochloric acid and 
heated at reflux for 8.5 hours. The mixture was extracted several times with ether, 
and the combined organic phases were dried over sodium sulfate. The solvent was 
removed in vacuo to yield 4.6 g of oil which crystallized on standing. 
l.M NMR (200 MHz, CDCI3), 5=7.29 (1H, dd, 1.5, 7.5 Hz), 7.21 (1H, t, 7.5 Hz), 7.01 (1H, 
dd, 1.5, 7 Hz), 3.85 (3H, s), 3.65 (1H, m), 1.37 (6H, d, 7 Hz) ppm. 

EXAMPLE 16: Preparation of 1.4-Benzodioxan-6-carboxylic Acid 

l,4-Benzodioxan-6-carboxaldehyde (8.87 g, 54 mmoles), 19.68 g methanol, 50.3 
wt % sodium hydroxide (5.99 g) and 30 % aqueous hydrogen peroxide (5.30 g, 46.8 
mmoles) were heated in a 250 mL flask for 17 minutes at 39-52 °C and 18 minutes at 
52-58 °C oil bath temperature. After the moderate foaming had subsided, 30 % 
aqueous hydrogen peroxide (13.54 g, 119 mmoles) was added in three roughly equal 
portions over 22 minutes at 58-66 °C. After a twelve minute hold, two additional 
portions of 30 % hydrogen peroxide (4.24 g and 5.25 g, total now 28.33 g or 250 
mmoles) were added 20 minutes apart. Each addition gave moderate transient 
oxygen evolution. The mixture was heated and stirred for 55 minutes at 67-47 °C. 
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ine solution was cooled and 23.62 g of deionized water was added. Neutral oil (2.12 
g, predominantly unreacted starting material) was removed by four methylene 
chloride extractions totaling 10.1 g. Then the extracted aqueous layer was acidified 
with 37% aqueous hydrochloric acid and the resulting pasty slurry was shaken well. 
Filtration with three 20 g water washes and drying gave white crystals of 1,4- 
benzodioxan-6-carboxylic acid (6.97 g), m.p. 134.2-136.7 °C 

EXAMPLE 17: Preparation of 5-EthvM.4-benzodioxan-6-carboxylic Acid 

A solution of l,4-benzodioxan-6-carboxylic acid (6.59 g, 36,6 mmoles) in 96.5 g 
of dry (0.02 % water) tetrahydrofuran was stirred and cooled in a 300 mL flask 
equipped with a magnetic stirrer, alcohol thermometer and rubber septum stopper 
connected through a large diameter syringe needle to a nitrogen line. When the 
mixture had cooled to -71 °C (dry ice/isopropanol bath), 2.5 molar n-butyl lithium 
in hexanes (16.7 mL) was added over about one minute, giving an exotherm to 
-28 °C After a 16 minute cooling hold, additional rc~butyl lithium solution (total 35 
mL) was added in five increments at -70 to -61 °C These additions dissolved most 
of the fine solid that precipitated when the original solution was cooled. Six 
minutes later, 16.3 g tetrahydrofuran was added in an attempt to dissolve the 
remainder of the solid. The suspension was stirred for a total of 4.2 hours at -63 to - 
72 ®C after the final n-butyl lithium addition. Then 99 % iodoethane (7.17 g, 46.0 
mmoles) was added at -65 °C, giving only a slight exotherm. After 19 minutes at 
about -60 °C, the mixture was allowed to warm to 14 °C over 89 minutes and to 
room temperature over another 16 hours. Then 50.6 g of deionized water was 
added, a resulting strongly basic aqueous layer (67.4 g) was removed and the organic 
layer was washed with 15.3 g deionized water/0.85 g 50.3 % aqueous sodium 
hydroxide. The organic layer, containing about 3.1 g of neutral gummy by-products, 
was discarded. The aqueous layer and wash were acidified and extracted with 
hexanes/diethyl ether to give crude product containing (by gas chromatography) 61 
area % starting acid and 26 % of the desired 5-ethyH,4-dioxan-6-carboxylic acid. 

The crude product in about 14 g of diethyl ether /hexanes was purified by eight 
stages of partial neutralization/extraction into dilute aqueous sodium hydroxide 
(the ethylated acid preferentially remained in the organic layers) to give 5-ethyl-l,4- 
benzodioxan-6-carboxylic acid (0.54 g), The gas chromatographic analysis showed 
about 88% purity with a melting point of 148-176 °C. The proton NMR spectrum 
indicated a 92/8 weight ratio of ethylated and unethylated l,4-benzodioxan-6- 
carboxylic acid. 
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BIOLOGICAL TEST METHODS 

In evaluating the insecticidal activity of the compounds of the present 
invention, the following test procedures were employed. 

A test solution containing 600 parts per million (ppm) was made by 
dissolving a compound of this invention in a 1:1 acetonermethanol solution, then 
adding water to give a 5:5:90 acetone:methanol:water solution, and finally a 
surfactant was added at an equivalent of 1 ounce of surfactant per 100 gallons of test 
solution. Serial dilutions were prepared in water from the 600 ppm solution. 

Foliar insecticidal evaluations were made on one or both of the following 
pests: the Southern Armyworm (SAW), Spodoptera eridania, and the Potato 
Leafhopper (PLH), Empoasca fabae. 

Whpfe Plant Tests 

For the whole plant Southern Armyworm test, individually potted lima bean 
plants, Phaseolus limeitsis var. Henderson, were sprayed to runoff (100 gallons per 
acre) with the test solution using a DeVilbiss Model No. 152 hand sprayer. Upon 
drying, two leaves were removed from the plant and were placed on moistened 
filter paper in a Petri dish (100 X 20 millimeters). The dish was infested with 10 
third instar larvae of the Southern Armyworm and covered with the lid. If the 
larvae were alive three days after treatment, the filter paper was replaced and fresh 
untreated bean leaves were added. All treatments were maintained at 75-80° F 
under fluorescent light in a well ventilated room. Percent mortality was 
determined at three and six days after treatment. 

For the whole plant Potato Leafhopper test, individually potted fava bean 
plants, Vicia faba var. Long Pod, were sprayed to runoff (100 gallons per acre) with 
the test solution using a DeVilbiss Model No. 152 hand sprayer. Upon drying, two 
leaves were removed from the plant and were placed into two Petri dishes (50 X 9 
millimeters), one leaf per dish, on moistened filter pads. Each dish was infested 
with 5 third instar nymphs of the Potato Leafhopper and covered with the tight 
fitting lid. All treatments were maintained at 75-80° F under fluorescent light in a 
well ventilated room. Percent mortality was determined at three days after 
treatment 
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j^etadttdL teaf Test 

For the detached leaf Southern Armyworm test, an individual lima bean leaf, 
Phaseolus limensis var. Woods' Prolific, was placed on moistened filter paper .in a 
Petri dish (100 X 20 millimeters). The leaf was sprayed with the test solution using a 
rotating turntable sprayer and allowed to dry. The dish was infested with 10 third 
instar larvae of the Southern Armyworm and covered with the lid. If the larvae 
were alive two days after treatment, fresh untreated bean leaves were added. All 
treatments were maintained at 75-80° F under fluorescent light in a well ventilated 
room. Percent mortality was determined at two and four days after treatment. 

The following tables exemplify, but do not limit, the preferred 
compounds of the present invention. 

In Tables IA, IB and IC, the SAW {6 Day) column headings are the 
concentrations of the compounds of this invention at two different concentrations, 
10 and 2.5 parts per million (ppm), and the observed percentage mortality for 
Southern Armyworm larvae at the listed concentration after 6 days using the whole 
plant test, unless noted otherwise. 

TAffLE IA - Compound? N®? Ml 
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V-AAJ 


OCH3 


H 


F 


F 


F 


1 AA 
J.UU 


1 AA 

100 


34 




OCH3 


H 


OCH3 


CH 3 


OCH3 


1 nA 


1 AA 

10U 


OD 




och 3 


OCH3 


H 


H 


OCH 3 


100 


0 


36 


Br 


0CH3 


H 


•CH3 


H 


CH 3 


NT 


100 


37 


CI 


0CH3 


H 


CH3 


H 


CH 3 


NT 


100 


38 


CH 3 


0CF3 


H 


CH 3 


H 


CH 3 


NT 


100 


39 


CH 3 


OC2H5 


H 


CH 3 


H 


CH3 


NT 


100 


40 


CH3 


CXZH3 


H 


-OCH2O- 


H 


100 


10 


41 


CH3 


0CH3 


OCH3 


H 


H 


CH 3 


100 


70 
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Lomp. 
Nq. 


R b 


R c ... 


Rd 


R e 


Rf 


SAW (6 Dav) 

lOnnm 2 5nnm 


42 




0CH3 


NO2 


H 


H 


H 


100 


10 


43 




0CH3 


H 


OCH3 


H 


OCH3 


1 aa 

100 


100 


44 




0CH3 


OCH3 


H 


H 


Cl 


1 AA 

100 


10 


45 


v** 


0CH3 


CH 3 


H 


CH3 


H 


1 AA 


50 


46 




0CH3 


H 


Br 


F 


H 


N 1 


100 


47 




0CH3 


H 


F 


CH 3 


H 


NT 


100 


48 




0CH3 


H 


Br 


OCH3 


Br 


1 Art 


NT 


49 


CH* 


0CH3 


F 


F 


F 


H 


1 AA 

100 


10 


SO 


*— * *o 


0CH3 


H 


Cl 


CH3 


H 


NT 


100 


51 




0CH3 


H 


Cl 


OCH3 


H 


100 


100 


52 




0CH3 


H 


C2H5 


H 


H 


i-aa 

100 


100 


53 




0CH3 


H 


Cl 


F 


Cl 


100 


100 






0CH3 


H 


CH3 


H 


CH3 


100 


100 




f«Hc 


0CH3 


H 


Cl 


H 


CH3 


100 


100 






0CH3 


OCH3 


H 


H 


H 


100 


80 


57 


^2^5 


0CH3 


H 


F 


H 


F 


100 


100 


58 




0CH3 


H 


OCH3 


H 


H 


100 


100 


59 


^-2«5 


0CH3 


H 


CH 3 


H 


H 


inn 

100 


100 


60 




0CH3 


Cl 


H 


H 


H 


f AA 

100 


50 


61 




0CH3 


H 


Cl 


H 


Cl 


1 r\n 

100 


100 


62 




0CH3 


H 


CH2OCH- 


J H 


CH 3 


1 AA 

100 


10 


63 


v-z^o 


0CH3 


Cl 


H 


Cl 


H 


1 AA 

100 


100 


64 




0CH3 


H 


OC2H5 


H 


H 


"1 AA 

1UU 


1 A 

10 


65 




0CH3 


Cl 


H 


H 


CH3 


inn 

100 


100 






0CH3 


NO2 


H 


H 


CH3 


100 


90 


67 


Cl 


0CH3 


H 


CH3 


H 


H 


NT 


100< 2 > 


68 


Cl 


0CH3 


H 


H 


H 


H 


NT 


80® 


69 


Cl 


0CH3 


Cl 


H 


Cl 


H 


NT 


70(2) 


70 


Cl 


0CH3 


Cl 


*H 


H 


CH3 


100 


10 


71 


Cl 


0CH3 


CH 3 


H 


CH3 


H 


100 


100 


72 


C2H5 


OC2H5 


H 


CH 3 


H 


CH 3 


100 


40 



< ! > NT indicates the compound was not tested at the particular concentration. 
® Tested using detached leaf method; observations made after 4 days. 
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TABLE IB - Compounds No. 73-78 




Compound SAW (6 Day) 

Number • &a D lQppm 232pm 

73 CH3 1 100 100 

74 C2H5 1 100 100 

75 CI 1 100 100 

76 Br 1 100 100 

77 CH3 2 100 100 
78® C2H5 2 100 100 



O) Tested using detached leaf method; observations made after 4 days. 
TABLE IC - Compound Mo. 7Q 




S A W ( 6 D a y ) 

lQppm 2-5ggm 
*100 100 
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In Table II, the PLH (3 Day) column heading is the observed percentage 
mortality for the Potato Leafhopper when treated with a compound of the present 
invention at a concentration of 10 ppm. 

TABLE.. II - Results of Testing on Potato Leafhopper 

Qmm^J^^ PLH (3 DayVatlQpp m 



54 


100 


55 


100 


56 


100 


58 


80 


59 


100 


60 


90 


72 


60 


77 


90 


78 


90 



It should be understood that the instant specification and examples are 
set forth by way of illustration and not limitation, and that various modifications 
and changes may be made without departing from the spirit and scope of the present 
invention as defined by the appended claims. 
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